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the connecting tube E and the pump a bulb containiug phos- 
phoric aiihydricle must be placed. The whole apparatus, 
suitaldy supported, is now completely exhausted by riinning 
the punip continuously for hours, ~ c c i ~ i ~ i ~ a l l y  heating t,he 
tube d B with the flame of a Bunsen burner. Cshonld also 
be heated until mercury vapor is somewhat freely given off 
to drive out moisture ancl air. Ey this inetliod all moisture 
in the mercury, together with the filni of air which obstinately 
acllieres to the iiisicle of the tube, can be as nearly as possible 
removecl. Wlirii this has heeu :tccomplishrd, tlie retort C! is 
carefully heated to distill tlie mrrcnry over into d B, where 
the mercury condenses iii small glol~iles, which do not form 
pistons in the tiihe, and which run down the lower side of 
A B, therehy clisplacing aiiy residnal air. The distillation is 
continued until d B is filled ; tlie pump is kept in action all 
the time. By the continuous actioii of the pump the vaciiuni 
is kept as complete as pcissil~le during the entire operation. 
The tube E is then cut from the pump to let air into the 
retort. The liaronieter tUlJe is cut 6ff a t  F and imniersrd in 
mercury with the usual precautions. Tuhes that we have 
filled by this nietliod show not tlie slightest trace of air when 
incliiietl. 

The essential feature of the method consists in distilling 
the mercury into au inclined tube of such :In internal cliame- 
ter that  the mercnry collects in globules, which run down the 
lower side of tlie tube, instmcl o f  formiug pistons, which mould 
iniprisou and carry clown tlie residual air, tliiis rendering the 
vacutini imperfect. T u t m  of internal diameter greater than 
one-eighth inch are large eiiough to he filled in this nianiier. 
If the bore is less than one-eighth of an inch, the niercury 
will form pistons a i d  carry down the residual air. 

The method is the result of experiments carried out by my 
father, RIr. D. A. Partridge, mid myself. 

At firbt sight the above method seen18 almost completely 
iclen tical with that  descrihecl hy Waldo in the American 
Journal of Science, 1884, Vol. YSVII ,  p. 1s. I do not believe. 
however, that  a good instruiiieii t c o d d  be made by waldo'f 
mrthod, since the mercury, when distilled into his vertical 
tube, would form pistons and carry clown air. He  says that 
watch must Le kept t C J  see tliat no air is carried down. I 
have tried his method nitli a. mercury p111iip, giving far )letter 
vaciia than pumps of the form then in use could give, and 
have always found minute air huhhles entanglecl in the mer- 
cnry. I therefore thiiik that  niy niethocl, if not wholly new. 
is really an important one and n real advance. Another im- 
portant difference 1,etween niy method aud that  of Waldo is  
that  I keep the punip working during the ell tire distillation. 
and he s t o p  his t )efore commrncing. 

[Further details as to filling large tubes tliat are tfJ Le used 
for either lmrometers or manometers will I)e founcl ill Pro- 
fessor Marvin's articles 011 vapor pressure and 011  a normal 
h romete r  in the Annual Report of the Chief Signal Office1 
for 1891, Appendix 10. Tlir admirable harometer of Sundell 
( d c t t r  Soc*ic'tatis Scit.,tjtiorzcrn Fmic7, Vols. S V  and S V I ,  Hel- 
singftm, 1885 and 1888) is fully described in Waldo's RIodern 
IIrteorology, London and New Pork, 1893, to which we would 
rrfer our renders for many other details as to tlie advnnced 
state of physical apparatus a i d  mechanical theories thal 
constitute niodern meteorology.-En.] 

THE COLD SPELL OF NOVEMBER 16-30, 1896, IN MON- 
TANA AND ADJOINING STATES. 

By PROF. H .  A. HAZEN (dated December 21,1896)). 

A reniarkal,le depression in teinperature occurred in thc 
Northwestern States during tlie last two weeks of NovemI)er 
At Havre, Mont., tlie culmination was on the lSth, 1). 111. 
with 8 temperature of 5 4 O  below normal, though on the 29th 
p. ni., it was - 5 1 O .  Not the least singular fact in this con. 
nection is the abnormal warmth in the hliddle Atlantic States 
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where for a considerable area the temperature duriug the 
aame t h e  was loo ahove nornial. Charts VI11 and I X  of this 
REVIEW show the average departure from the normal for each 
day of these two weeks. A very good idea of tlie extent and 
severity of this cold spell may be oljtained by comparing i t  
wit,li the coldest November experienced in %he past twenty- 
aeveii years, that  of 1880, as follows : 
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The limited extent of the present cold spell may be shown 
tJy a comparison with a few stations on its border: Salt 
Lake City, lSHO, -go, 1896, - 2 O ;  Kansas City (Leaven- 
a o r t h ) ,  --h" and - 3 O ;  C'oluml)ia, Mo., 1896, + 2 O ;  Alpena, 
Micli., -To and + 2@; Amarillo, Tex. (Fort  Elliott), -12 
mil -3@. Another point to be noted is that  while the ex- 
treme cold of lSS0 extended over the whole country, for 
esnnip lc~ ,  Vickwhurg, -So, Atlanta, -4O, Charlotte, - 5 O ,  

\Vashiilgtuu, A@, a d  Eastport -2O, that  of 1896 was lim- 
ited tu n few States i n  the Northwest, whereas in the hliddle 
Atlantic States, November, 1896, \vas the warmest since 1S70, 
ancl a t  Philadelphia i t  was the warmest in seventy-five years 
(records before 1S70 R little doubtful, statious in the city dif- 
fering 2 O  or 3 O  in the same month). 

A study of the weather conditions accompanyiiig such 
marked anoinalies i n  temperature would be of interest in 
helping to explain them. -4s already noted there was a per- 
mauent area of high prcLssure over the Northwest during this 
period, cleparture from iiorniul + .60 inch a t  Havre and + .33 inch a t  Bismarck. Thiscould not have been due to n 
too great reduction to sea level because of the low temperature, 
for Bismarck is only 1,690 feet a h v e  sea level, and the 
change for temperature is small a t  that  height. 

This distribution of pressure produced northwesterly and 
westerly winds in the Missouri and upper Mississippi valleys, 
tjot in the niiddle and lower Mississippi valleys to the Atlan- 
tic the wixls were southeasterly, sontherly, and southwest- 
erly. On the south Atlantic Coast, uortlieasterly winds from 
the oceau teucled to keep the temperature up. Comparing the 
pressure distribution with that  of 1880, we find in the latter 
year high pressures over the whole coiintry, and in conse- 
quence the winds mostly north and northwest, except in a 
portion of the lower Lake Region, where they tend toward 
soiithwest. It is evident that  the winds will account for a 
part of the anomalous coiiditions in these two years but not 
for all. 

Tiirning now to the daily weather maps we find in 1SSO a 
succession of highs appearing to the north of Montaiia and 
traveling clear across the country, producing distiiictive cool 
or cold waves clue to the advance of the high. I n  1896, on 
the other hand, there were almost no highs advancing ncross 
the country, and there were hardly any cool waves. This 
was particularly the case i u  t,lie Northwestern States. This 
seems a key to the whole situation. Almost stagnant high 
area4 i n  the Atlantic States and in the Northwest produced 
the ahnormally high pressure in 1S96, while the uniform mo- 
tion o f  highs in November, 1SS0, produced the uniform high 
lmssure over the cou~itry.  

It remains to inquire why the stagnant high areas in the 
Northwest gave such low temperatures, while apparently, the 
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same condition tended to ahnormal heat in the Southetist., 
The solutioii of this probleni is to be sought in  the upper 
atmosphere. The clear, dry air  of the Northwest permitted 
intense heat radiation to the sky, ancl day after day this \\‘as 
maintained without the interference of moist Ions froin the 
Pacific. In other words, we have liere an excelleii t example 
of the intense radiation-cold experienced in Siberia i n  thc 

31.70 inches. 011 the other hand the nioister air  of the South- 
east perniittrd the lieiit, of the low latitnde suii to penetrate 
to the earth, and after the heat, rraclierl the earth the nioist- 
lire prevented its radiation into spacc. The most importnut 
poilit in this whole discussion is the sliarp distinction to be 
tlritwn hetweeii :I rad iation-cold, pure ancl siniplr, and the cold 
of  our cold w a v ~ ~ s  advancing across tlie country a t  40 and more 
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SIMULTANEOUS BALLOON ASCENSIONS. 

The recent International Meteorological Conferelice at  Paris 
indorsed the importance of cooperation between the goverii- 
ments and individuals who nre nom so enthusiastically probe- 
cuting the exploration of the atniosphere and the study of 
meteorology with the help of the balloon. Prrhnps tlie niost 
important point upon which these cnu unite is the attrnil)t 
to secure approximate simnl taiieity in their asceiisions. As 
the exploring balloon niay be sent up without any pas 
gers or aeronauts, but may carry acciiratr self-reciJrciing 111- 
struments iiito regions and teinperatures that  are inacctlssilile 
to man, there is nothing in i~~rac t ica l~ le  in the proposal that  
ascensions be made on any given clay a t  many places over a 
wide extent of country, so as to give 11s a general view or 
possibly IL detailed map of the condition o f  the upper air at 
that  time. Such a series of simul taneous ascensions mill un- 
doubtedly frequently be made from European stations, under 
the general guidance of the special coniniittre 011 aeronautics 
recently nppointed by the Paris Conference, and in i t  spirit 
of scientific cooperation, rather than of national or personal 
rivalry. Such work was hegon by the Darctst.h~r 17erc2’ti ricr 
F~irdericti!y dar Licftvch(ffrzhrt, in  Berlin, in 1894, and the first 
results are collected in a paper hy Assnirtnn in the Zcitxcirr(ft 
f u r  L7iftsrh<flfuhrt, XSIV. The first simnltaiieons ascensions 
were made froni Berlin and St. Petershurg, August 4, ancl the 
second, August 9, 1894. A tliird set, of three asceiisions, was  
made October 1, from St. Petersburg, Warfiaw, and Ossowicz. 
Meantime, in September, 1894, three bdloons, the Phcriiis, 
Majestic, and the unmanned exploring balloon Cirrus, with 
self-registering apparatus, made a t4niul taneous asceiision on 
the 6th, and as  soon as  practicable after that  thr  RInjestic 
made a long voyage through t h e  night of the 5th and the day- 
time of the 6th of October. On Drcemlier 4 Berson ascended 
from Stassfurt aiicl descendecl a t  Kiel. 

The ascensions made Noveml)er 14, 1x96, niay he considwwl 
as the beginning of a long series of similar international i n -  
vestigatioiis of the atiiiosphere by niean6: o f  siuiultaneous 
I)alloon ascensions covering all of Europe. 0 1 1  thai; date the 
lowest temperatures observed and tlie greatest heights attained 
by halloons a t  diferent  localities were as  f o l l o w s  : 
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The above observations represent the conditioiis prev:tiling 
in the midst of a large area of high pressure that  W:LH niovitig 
slowly eastward over Europe. At  Strashurg and Berlin a 
layer of warmer air was noted before ascending into the 
colder air  clbove. On the 14th, 7 a. m., the central isobar of 

765 mill inir t pi’s ex t p i i c l r d  frc b i n  Fi ti 1 tind firrut  h wn rd to Cireece, 
aiitl o t i  tlir lath, tj 1). i n . ,  tliP iwoli:ir of 770 niillimrtrrs es- 
tended froin St. €‘ptt,rNliurg south to Bu1g:tri:i. Thc~ sky was 
geiieriil Iy cloud Iws cliiri irg thrse l ~ : i l l o o ~ i  asceusiuiis, Iiut 
cltnucly w a t l i r r  s(loii f o l l o i ~ t 4  with coiiti~iurcl colcl at the 
r:irtli’s mrfacr : i d  high 11r~wi i r e  f r o m  Fraiic~ eaatwnrd tn 
tlie ITral. To t h e  i i o r t h  o f  tliis lrelt t ~ n i p e r ; i t ~ t r e ~  were not 
alill~Jrl11:~lly l o w .  Evidi2iitl.y this ritlqA o f  775 to 785 niilli- 
iiiplvrs, c.xtriidiii,rr h O U t l l w S t  ; i i i (1  iiortliurst lwt\\ren two low 
arras, rt~prewiitecl tlw slow tlescibiit of cold, dry air  which 
f l o \ v ~ t l  away in all directions 11mr thr earth’s surfwe; the 
n hole systriii o f  sra-lrvel pressurrs ancl t e n i p ~ r : i t ~ i r ~ ~  could 
h a v e  rrsnltwl from a g43ner:il w h t n  ard iiioveiiieiit and very 
slow descent of  the layer o f  cold upper air that  nas rcJaclled 
I y  the Iiallooiis nii tlic 14th : eveiitually, it disnpprared 
in tlie soittlir:ist of Eurol)e iiioviiig h J \ \ . i W d  Persia. The teni- 
peratnrr of :L niiiss of  filowly drsc~iidiiiq dry air follows the 
laws explaii id I)y the  Etiitor i n  Arnerican RIeteorological 
Journal, 1892, YIII, 1111. 527-552. 

Thr idra of thrse sininltnn(~ons nscc’iisioiis seriiis to have 
h v i i  first urgrcl in 1SH4 liy Eprson niitl Assiii:~iiii, the assisttints 
of von Bezold iu Berlin, aiid \ \as I)y theiii urgrd upon the 
attrntioli of the IJaris CInnfrrrilce, which voted to encourage 
siicli nscwisiclns. 

[It ainy I ) ( ,  worth rerordiiifi that the iniportniice of utilizing 
siiiiul t:iiieuus Iialloon ~ S C ~ I I S ~ U ~ I A  and thr defects to which our 
kno\\l~ldge is sul)jrct as IOHK :IS n e  neglect the 11w of the hal- 
loon were fully apprecititwl Iy tlic. prrsent Editor, wlio ha8 not 
failed t(J urge the aystriii:itic scientific use of q)ecinl Imlloon 
voyages and as early as IS71 eiitercd i i p ~ i i  his tl:iily \vrather 
imps the reC(JrdS (Jf the various iiscrntlionb: ni:ide by profes- 
sioiial atxroiiauts for biiaiiiebs 1 ) l q ) O h f ’ S  : tliiis, nii July 4, Mil ,  
1Pi2, l S 3 ,  respectively, lie was LllJIP to study the paths of 
from three to five l ~ a l l c ~ ~ ~ ~ i  voy:iges.--En.] 
Iu a rrceiit letter from Bcrsoii tn Heriiiitr, a~ pnl)lished in 

the Aerophile (act. 1s96, 11. ?%), nrrsun corrrcts st.\7ernl 
jrrors which i f  uncorrected iiiiglit discourage others froni at- 
tempting siniilar work. 

1 .  All the  high nscrnsitinr: of tile linlloon “ (’irriis’’ froiii Rt.rlin, 60 
far as they hni e I w n  1iiil)lidie~l, linve lwun niaile with orilinary illiimi- 
iiating gnh a1111 not \\ itli hytlrqicen: with this ::IS n height Of 1S,31lO 
iiietrrs lins Ireen :ctt:tincll ( thib nltitunlr is ci~nipiiterl after rualang care- 
ful :tllownnce for the  temperctture of t l i c s  air niirl the  baronietrii. errors) 
the prent :tltitnilt.sntt:tineil by the “ (’irrns” nrr to 1)eattrilniteil only to 
the dimensions of the  lialloon, whose volume is 230 cubic meters. 

2. The voyngesqlf the  “ (‘irrus’’ hat1 notliinp wh:tte\t.r to do with the 
Intlustrinl Expsitioil of the  City of Berlin; they were nnt for show or 
genbstion but were n 1):wt of the  systmintic. nork undertaken try the  
aeronauts ani1 ineteurologibts of 13erlin wit11 the assistance of the Ger- 
nian (hvernnient  and, esIwi:dIy, of the EmperrJr in Iwrson. 

3. The Cierinaii 1 ) : i I l ~ l o i i  “ ( ‘ i r rw ” has nut yet 1)ern fnriiihhed with 
apparatiis suitable for bringing d~JwIl speciinens of the  upper s i r  for 
clieuiicnl aiialysik but has been confined hitherto by llr. i1ssma1iii, to 
the (leterniination of temperature, pressure, ancl a i l i t 1  for which pur- 
puseb the  most exact methods have been u d .  

[ A s  the examination of the moisture contained in a speci- 
men of air  1)rought down from the highest regions would he 
$ 1 ~  admirahle check upon any record made hy a self-register- 
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